By using feedback control of the discrimination threshold we have added 4-6 decades to the useful range of otherwise conventional pulse counting systems. The additional range is obtained at the high end by retarding saturation of the output count rate with higher threshold levels. We have implemented the method with low-power microcircuits that provide a 9-decade range (10-5 to 104 R/h) without the need for range or mode switching.
Introduction
The end of the useful range of a conventional level-sensitive counting system is often considered to be the point at which pileup-induced counting losses exceed 10%. In a well-designed system, the output count rate saturates beyond this point and becomes insensitive to further increases in the input rate. However, with properly designed linear circuitry, measurable variation continues to occur in the analog signal for several more decades of input range. We describe here a simple method for utilizing this variation to extend the useful range of a counting system by 4 to 6 decades.
Range Limitations of a Conventional Counting System
A typical system for making average rate measurements of a Poisson distributed time series of discrete events (e.g., photons interacting in a PIN silicon diode, Fig. 1 ) consists of a detector, a pulse-shaping amplifier (PSA), a level-sensitive discriminator (differential comparator), and a countrate meter.
The useful range of this system is limited at the low count-rate end by either signal- where 7 is the mean-squared value of the input charge distribution, F(t) is the time response at the PSA output to unit charge deposition in the detector, and k is a system constant derivable from either F(t) or T(w). Thus, threshold, Vd = Vfb -Vth. However, as the threshold level-crossing rate increases toward fo, Vfb tends toward a level determined by the feedback gain (FBG) adjustment. The amount of range extension provided by this simple negative feedback mechanism depends on the feedback gain setting. A somewhat more versatile realization (Fig. 5b) is achieved by including a feedback threshold (Vft) and an "ideal diode" to suppress feedback until a predetermined event rate is exceeded. This version is particularly useful for meter display schemes (e.g., connection of a voltmeter to Vm) because it permits the maximum possible sensitivity to be achieved over the lower decades of the usable range. In view of the preceding considerations, we realized that the sensitive range of a conventional counting system can be extended by operating the system at relatively low threshold values through the linear count-rate region and at increasingly higher threshold values as pileup effects begin to dominate the signal, We accomplished this threshold adjustment function automatically by adding negative feedback from the count-rate output of a conventional counting system to the input of its comparator (Fig. 4) .
About the simplest realization of the Extended Range Counting (ERC) block of Fig. 4 is a single-pole inverting integrator (Fig. 5a ), which has a long time constant (i.e., Ti = RfCf >> 1/fo) so that its response to an isolated pulse from the comparator produces an insignificant change in the discriminator 
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For analog meter displays, the required meter scales Design Considerations can be derived from the associated Vm(v) vs v/f
The addition of ER circuitry to a counting system characteristic curves (Fig. 6b) 
